ABSTRACT: Buchholzia coriacea (wonderful kola) is a medicinal plant that has been used worldwide as an alternative medication to promote human health. Comparative nephroprotective effects of crude seed powder, aqueous and methanolic extracts of B. coriacea in hepatotoxic rats was investigated for 56 days. The crude powder (BCCP), aqueous extract (BCAE) and methanolic extract (BCME) significantly reduced (p<0.05) the levels of creatinine and uric acid and decreased minimally throughout the treatment periods. Total protein increased significantly (p<0.05). Significant decrease (p<0.05) were observed with 200 mg/kg BCAE and BCCP respectively in urea and BUN levels. Noticeable nephroprotective effects may be attributed to the presence of phytochemicals like flavonoids and tannins which act as antioxidants. This study has demonstrated that B. coriacea crude seed powder, methanolic and aqueous extracts caused no adverse effect on the rat kidney and may be recommended for the management of nephrotoxicity.
INTRODUCTION
Medicinal plants have been of immense benefit to man in the management of diseases as they are cheaper, affordable and in some cases give better therapeutic value than synthetic drugs. The plant Buchholzia coriacea was named after a herpetologist "Reinhold Wilhelm Buchhoz" who collected the plant in Cameroon in late 19 th century. 1 It belongs to the family Capparadaceae. It is a tree, evergreen, with a dense crown, large glossy leathery leaves arranged spirally and clustered at the ends of the branches, and conspicuous cream-white flowers in racemes at the end of the branches. It grows to about 20 m in height. The fruits are large, long-stalked, ellipsoid, resembling avocado pears, endocarp up to 1.3 cm thick and woody, yellowish when ripe, flesh yellow, nervous system. 13 Fever, gonorrhoea and gastrointestinal infections are reported to have been locally treated with B. coriacea. 6, 10, 14 The use of wonderful kola plant parts in some traditional practices have been attributed to the fact that it is rich in secondary metabolites. 6, 10 Based on its diverse traditional use, the present study was designed to evaluate the comparative nephroprotective effects of aqueous and methanolic seed extracts of B. coriacea seed powder in carbon tetrachloride-induced kidney damaged in Albino rats.
MATERIALS AND METHODS
Plant material and extracts preparation. The seeds of B. coriacea were purchased from local markets around Nsukka metropolis, Nsukka Local Government Area of Enugu State, Nigeria. The seeds were identified 1 and authenticated by a taxonomist in Bioresources Development and Conservation Programme (BDCP), Nsukka, Enugu State, Nigeria and a voucher specimen number (INTERCEDD/ 709) was deposited in the BDCP herbarium. They were cut into small pieces, air dried at room temperature for 4 weeks and pulverized into fine powder using a grinding machine (Honda: model 622, China).
The method of extraction followed that of Okere and others. 15 About 200 g and 800 g of the powdered seeds were soaked in 500 ml of water and 700 ml of methanol respectively for 48 hours with intermittent shaking. The soaked substances were filtered using Whatman number one filter paper and concentrated using rotary evaporator at 60 o C. The concentrated sample were further subjected to dryness using hot air oven set at 50 o C and then stored in an airtight bottle in a refrigerator for subsequent use. The crude powder were obtained by passing the ground powder samples through muslin cloth (0.7 µm mesh size). The aqueous and methanolic extracts gave 19.18 and 5.17 % yield, respectively.
Drugs and chemicals.
Silymarin tablets (Silybon-140®), used in this study was purchased from Micro Labs Limited, Himachal Pradesh, India. All the reagents and chemicals used in the study were of analytical grade. Diagnostic kits for the estimation of serum levels of various parameters were procured from Randox Laboratory Limited, United Kingdom.
Procurement and management of experimental animals. One hundred and fourty four adult male rats (150 -200g) were purchased from Genetics and Animal Breeding Unit, Department of Zoology and Environmental Biology, University of Nigeria, Nsukka. The rats had no history of drug consumption and were kept in stainless wire-rat cages equipped with drinkers and fecal collecting trays, in a clean and fly proof experimental animal house. The rats were fed commercial growers chick mash (18% crude protein) made by Vital Feeds, Nigeria Limited and pore table water ad libitum and allowed to get acclimatized for 14 days before the start of the experiment. The fecal droppings in the tray were removed daily.
All procedures in this study conformed to the guiding principles for research involving animals as recommended by the Committee and the International Guidelines for Handling of Laboratory Animals.
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Induction of hepatotoxicity in male rats. In this study, hepatic injury in male rats from all the groups except standard control was induced by single oral administration of 150 mg/kg bw of 20 % CCl 4 mixed with olive oil as vehicle in 1:1 ratio. Animals with hepatic injury were post treated with extract of crude seed powder, aqueous and methanolic seed extracts of B. coriacea. The extracts were given at the prescribed doses (200-400-and 800-mg/kg bw) orally with the help of gastric tube.
Experimental design. The procured albino rats were randomly assigned into four major groups (A, B, C and D) in a completely randomized block design having 36 rats per group. Group A, B, C and D represented the control group, aqueous extract group, methanolic extract group and crude powder group, respectively. The major groups A, B, C and D were further divided into 3 sub-groups each (A1, A2 and A3), (B1, B2 and B3), (C1, C2 and C3) and (D1, D2 and D3) of 12 rats per group, respectively. Each subgroup was divided into 3 replicates of 4 rats per replicate. Control groups (A1, A2 and A3) served as the normal control group, positive and negative control groups respectively. The normal control was not intoxicated but was given 1 ml/kg body weight (bw) of normal saline; positive control was intoxicated with 150 mg/kg bw of 20 % CCl 4 dissolved in olive oil as stated by Manikandaselvi et al. 17 and treated with standard drug (Silymarin 200 mg/kg BW orally), while negative control group was intoxicated with oral administration of 150 mg/kg bw of 20 % CCl 4 in olive oil and were given 1 ml/kg body weight of normal saline. The rats in experimental groups B (aqueous extract group), C (methanolic extract group) and D (crude seed powder group) were intoxicated with 150 mg/kg of 20 % CCl 4 in olive oil and treated with graded doses of 200-400 and 800-mg/kg bw of B. coriacea, respectively. All treatment commenced after seven days of intoxication to allow for establishment of hepatotoxicity. The standard drug and the B. coriacea seed extracts were administered once daily orally for 56 days (eight weeks).
Collection of blood sample. Blood samples were collected from each group on the seventh day pre-treatment and at two weeks intervals during treatment. The blood samples were collected from the retro-orbital plexus of the anesthesized rats as described by Hoff 18 and was allowed to clot and then centrifuged at 4000 rpm for 20 minutes. Thereafter, the supernatant (serum) was carefully separated using droping pipette and used to determine various biochemical parameters. Statistical analysis. Data obtained were statistically analysed for the effect of treatment and duration using one-way analysis of variance (ANOVA) while Duncan's Multiple Range Test (DMRT) was used to separate significant treatment means. The level of significance was set at p<0.05. 23 The results were tabulated as mean ± SEM.
Determination of kidney function markers.

RESULTS AND DISCUSSION
Effects of graded doses of crude seed powder, aqueous and methanolic extracts of B. coriacea on creatinine level of hepatotoxic rats. A duration dependent significant reduction (p < 0.05) in creatinine level of CCl 4 -induced toxic rats was observed in all the doses (200, 400 and 800 mg/kg) of B. coriacea crude seed powder, aqueous, methanolic extracts and positive control from week two till the end of the experiment when compared with the normal and negative control (Table 1) . However, the normal control group produced no significant differences throughout the period of treatment and was significantly lower (p < 0.05) when compared with all other groups at each duration. On the effects of treatment, there were significant increase (p < 0.05) in creatinine levels of animals in silymarin, CCl 4 , crude seed powder, aqueous and methanolic extract groups when compared with the normal control at week 0 (Table 1) , while no significant differences (p > 0.05) were observed from week 2 to 8 when compared with the control except the Negative control that were significantly high (p < 0.05) than BCAE, BCME and BCCP groups throughout the duration of the study when compared with the normal and positive control ( Table 1) .
Effects of graded doses of crude seed powder, aqueous and methanolic extracts of B. coriacea on urea level of hepatotoxic rats. The urea levels were significantly high (p < 0.05) in the negative control groups throughout the duration of the study (from week 2 to 8) compared to BCAE, BCME and BCCP group (Table 2) . Similarly, the normal control group produced no significant differences throughout the period of treatment. However, a duration dependent significant reduction (p < 0.05) was observed in urea level of positive control and rats given 200 mg/kg BCAE at week 2, and then decreased minimally from week 4 to 8 when compared with the normal control and negative control. BCME produced no significant difference throughout the period of study when compared with the control, while BCCP significantly reduced (p<0.05) the urea level at 200 mg/kg from week 2 to 8 when compared with the positive Values represent mean ± SEM of 3 observations. Values with in the same column with different alphabet superscripts differ significantly (p < 0.05) between different concentrations at the same exposure duration, while values on the same row with different numeric superscripts differ significantly (p < 0.05) between different exposure periods within the same concentration. NC = Normal control, SL = silymarin positive control, CCl4 = Carbon tetrachloride negative control, BCAE = Buchholzia coriacea aqueous extract, BCME = Buchholzia coriacea methanolic extract, BCCP = Buchholzia coriacea crude powder. Values represent mean ± SEM of 3 observations. Values with in the same column with different alphabet superscripts differ significantly (p < 0.05) between different concentrations at the same exposure duration, while values on the same row with different numeric superscripts differ significantly (p < 0.05) between different exposure periods within the same concentration. NC = Normal control, SL = silymarin positive control, CCl4= Carbon tetrachloride negative control, BCAE = Buchholzia coriacea aqueous extract, BCME= Buchholzia coriacea methanolic extract, BCCP = Buchholzia coriacea crude powder.
and negative controls. Moreover, on the effects of treatment, there were significant increases (p<0.05) in urea levels of those animals in silymarin, CCl 4 , crude seed powder, aqueous and methanolic extract groups after the induction of CCl 4 when compared with the normal control at week 0 (Table 2) . At week 2 and 4, no significant differences (p<0.05) were observed in all the doses of the treatment groups when compared with the normal control except 800 mg/kg BCME which produced significant increase (p < 0.05) at week 2. Similarly, no significant differences (p > 0.05) were observed in the mean levels of urea in all the groups at week 6 when compared with control except the CCl 4 group, 200 mg/kg BCME and 200 and 800 mg/kg BCCP which indicated significant increase in urea levels when compared with the control. At week 8, significant increases (p<0.05) in urea levels were observed in those animals administered 200 and 400 mg/kg BCME, 800 mg/kg BCCP and CCl 4 group when compared with the normal control ( Table 2) .
Effects of graded doses of crude seed powder, aqueous and methanolic extracts of B. coriacea on uric acid level of hepatotoxic rats. There was no significant difference (p < 0.05) in uric acid level in the negative control groups throughout the duration of the study (from week 2 to 8) compared with all other treatment groups (Table 3) . Similarly, the normal control treatment group (1 ml/kg normal saline) produced no significant differences (p > 0.05) treated throughout the period of treatment. The silymarin group was observed to have a duration dependent significant reduction (p < 0.05) in uric acid levels throughout the period of experiment whereas all the doses (200-400-and 800 -mg/kg) of B. coriacea crude seed powder, aqueous and methanolic extracts decrease significantly (p < 0.05) from week 2 to 8 when compared with the normal and negative controls. Moreover, there were no significant difference (p<0.05) in uric acid levels of those animals in silymarin, CCl 4 , crude seed powder, aqueous and methanolic extract groups after the induction of CCl 4 when compared with the normal control at week 0, except for 800 mg/kg BCAE (Table 3) . At week 2, significant reduction (p < 0.05) were observed in silymarin, 800 mg/kg, BCAE, 400 mg/kg BCME and 200 and 800 mg/kg BCCP, while others produced no significant effects (p > 0.05) when compared with the control. Also, at week 4, no significant differences were observed in uric acid levels of all the groups when compared with the control. Similarly, at week 6, except for animals in the silymarin treatment group and those administered 200 and 800 mg/kg BCAE and BCCP respectively which had significantly reduced (p < 0.05) uric acid levels, other groups produced no significant effects (p > 0.05) when compared with the control. At week 8, significant decrease were observed in all the groups when compared with the control except for animals in CCl 4 treatment group which produced significant increase (p < 0.05) in uric acid levels ( Table 3) .
Effects of graded doses of crude seed powder, aqueous and methanolic extracts of B. coriacea on blood urea nitrogen (BUN) level of hepatotoxic rats.
The BUN level of negative control treatment group showed no significant difference (p > 0.05) throughout the duration of the study (from week 2 to 8) compared with all other treatment groups (Table  4) . Similarly, the BUN of the normal control treatment group (1 ml /kg normal saline), the silymarin treatment group and other treatment groups administered different doses (200, 400 and 800 mg/kg) of B. coriacea crude seed powder, aqueous and methanolic extracts produced no significant differences (p > 0.05) throughout the period of treatments when compared with the normal control group except at dose level of 200 mg/kg BCAE which produced significant decrease at week 2 and 200 mg/kg BCCP that significantly decrease the BUN level from week 2 to 8 when compared with the control groups (Table 4) . However, a minimal increase and decrease in BUN level was observed in some groups. Moreover, on the effects of treatment, there were no significant increase (p>0.05) in BUN levels in animals in silymarin, CCl 4 , crude seed powder, aqueous and methanolic extract treatment groups when compared with the normal control at week 0 (Table 4) except 200 mg/kg, 400 mg/kg and 200 mg/kg doses of BCAE, BCME and BCCP respectively which produced significant increase (p < 0.05) when compared with the control. Similarly, no significant difference (p > 0.05) was observed in the mean values of BUN in CCl 4 induced toxic rats in all the groups when compared with the normal control from week 2 to 8 (Table 4) . Effects of graded doses of crude seed powder, aqueous and methanolic extracts of B. coriacea on total protein level of hepatotoxic rats. The hepatotoxic rats in positive control group had duration independent significant increase (p < 0.05) in total protein throughout the period of the experiment when compared with week 0. Similarly, a duration independent significant increase (p < 0.05) in total protein level of CCl 4 induced toxic rats were observed in all the doses (200, 400 and 800 mg/kg) of BCAE and BCME throughout the period of the study, while that of BCCP significantly increased only at week 8 when compared with the week 0. However, on the effects of treatment, the silymarin, CCl 4 , crude seed powder, aqueous and methanolic extract groups produced duration independent significant reduction (p<0.05) in total protein level levels after the induction of CCl 4 when compared with the normal control at week 0 except 400 mg/kg BCCP. Whereas no significant differences (p > 0.05) were observed at week 2, 4 and 8 when compared with the control, but at week 6, only those administered 800 mg/kg BCAE produced significant increase (p<0.05) in total protein levels of CCl 4 induced toxic rats when compared with the control while the rest of the groups did not exhibit any significant change (Table 5 ). Values represent mean ± SEM of 3 observations. Values with in the same column with different alphabet superscripts differ significantly (p < 0.05) between different concentrations at the same exposure duration, while values on the same row with different numeric superscripts differ significantly (p < 0.05) between different exposure periods within the same concentration. NC = Normal control, SL = silymarin positive control, CCl4 = Carbon tetrachloride negative control, BCAE = Buchholzia coriacea aqueous extract, BCME = Buchholzia coriacea methanolic extract, BCCP = Buchholzia coriacea crude powder.
Serum urea, blood urea nitrogen, uric acid and creatinine are often regarded as reliable kidney function markers or as essential measure of renal function status. 24 Thus, elevation in the serum concentration of these markers are indicative of renal injury. 24 Creatinine is spontaneously generated by cyclic derivative of creatine. It is chiefly filtered out of the blood by the kidney through glomerular filtration and proximal tubular secretion. There is little or no tubular reabsorption of creatinine in the body. However, if the filtration ability of kidney is impaired, there will be rise in serum creatinine levels. This suggested diminished ability of the kidney to filter these waste products from the blood. 25 Urea is a by-product of metabolism of protein, which is generated in the liver, then filtered from the blood and excreted in the urine by the kidney. The BUN test measures the nitrogen amount contained in the urea in blood sample. High BUN in the serum indicates kidney dysfunction. It is therefore reported that serum concentration of creatinine, urea, uric acid and BUN depends on the glomerular filtration. 26 Thus, the rise in creatinine levels and other kidney function markers of the experimental rats estimated in this study after induction of CCl 4 at week 0 is an indication that CCl 4 had negatively affected the administration glomerular filtration and proximal tubular of the kidney. Nevertheless, after administering the extracts, the creatinine and uric acid levels reduced significantly from week 2 to 8 when compared with the CCl 4 and normal control, while the total protein increased significantly (p<0.05). This suggests that B. coriacea crude seed powder, methanolic and aqueous extracts may have nephroprotective properties in dose and duration independent manner. Similarly, the significant decrease observed in 200 mg/kg BCAE and BCCP in urea and BUN levels suggested that the extracts could be more effective if administered at a low dose. However, the nephroprotective effects could be attributed to the presence of phytochemicals like flavonoids and tannins which act as antioxidants. 27 ,28
